Considering the MSSM with the CKM matrix as the only source of flavour violation and heavy supersymmetric particles at large tan β, we analyze the correlation between the increase of the rates of the decays B 0 s,d → µ + µ − and the suppression of ∆M s , that are caused by the enhanced flavour changing neutral Higgs couplings to down-type quarks. We give analytic formulae for the neutral and charged Higgs couplings to quarks including large tan β resummed corrections in the SU (2) × U (1) limit and comment briefly on the accuracy of this approximation. For 0.8 
Introduction
The Minimal Supersymmetric Standard Model (MSSM), with large value of tan β, the ratio of the two vacuum expectation values v u /v d , is a very interesting scenario. On the one hand, it is consistent with the unification of the top and bottom Yukawa couplings predicted by some SO(10) GUT models. On the other hand, its predictions for rates of certain low energy processes can differ significantly from the ones of the Standard Model (SM) even for heavy sparticles and with the Cabibbo-Kobayashi-Maskawa (CKM) matrix being the only source of flavour and CP violation in the quark sector.
In the down-quark sector large supersymmetric effects originate from tan β enhanced flavour changing neutral currents (FCNC) mediated by Higgs scalars and generated at one loop by Higgs penguin-like diagrams with charginos and top-squarks. They have been found to increase by orders of magnitude the branching ratios of the rare decays B s mass difference ∆M s [5, 6] relative to the expectations based on the SM. Since both these effects are caused by the same neutral Higgs boson mediated FCNC (see figs. 2 and 3), a correlation between them must exist [6] . This is particularly interesting as ∆M s and BR(B [7] .
2) Corrections to the CKM matrix, as a result of which elements of the physical CKM matrix, to be called V eff JI , differ from V JI present in the original Lagrangian [8] .
3) Enhanced flavour changing neutral Higgs boson penguins mentioned above. 4) Enhanced corrections to charged Higgs boson vertices [9] . Several steps towards including consistently all these effects in phenomenological analyses have been already made during the last years. In refs. [9, 10, 11 ] the effects 1) and 4) have been discussed in the context of theB → X s γ decay. In [12] the effects 1)-3) have been calculated in the SU(2) × U(1) symmetry limit in the context of B ∆M s pointed out in [1, 2, 3, 4] and [5, 6] , respectively. In the following detailed analysis [13] we extend these analyses based on SU(2) × U(1) symmetry limit [1, 12] by calculating all the four effects in a more general effective Lagrangian approach, comparing the results, analytically and numerically, with the SU(2) × U(1) symmetry limit and thereby confirming and in certain cases correcting and generalizing analytical rules for inclusion of the large tan β effects presented in [9, 10, 11, 12] . As the analysis of [13] is long and technical, in the present letter we summarize compactly the results for all the four listed effects. We present numerical results based on the formalism of [13] and explain them qualitatively using the formulae obtained in the SU(2)×U(1) symmetry limit. This allows us to analyze in detail the correlation between BR(B 0
and ∆M s pointed out in [6] taking into account theB → X s γ constraint. During the completion of this letter a model independent analysis of rare processes in theories with the CKM matrix as the unique source of flavour and CP violation has been presented in [14] . While those authors also investigated large tan β effects in
and ∆M s addressed here.
As the recent discussions in the literature [3, 14] show that the statements like "models in which flavour mixing is ruled only by the CKM matrix" or "models with minimal flavour violation" have different meaning in different papers, we would like to specify the structure of flavour violation in the MSSM version considered by us. While the flavour violation in the scenario considered is ruled by the CKM matrix, it should be emphasized that for split soft SUSY breaking masses of left-handed squarks belonging to different generations some flavour violation unavoidably appears in the up-or down-type (or in both) squark mass squared matrices. In our calculations we choose the soft SUSY breaking mass parameter m 2 Q such that flavour violation appears in the up-type squark mass matrix. The scenario with flavour violation in the down-type squark mass matrix would require the inclusion of box and Higgs penguin diagrams with gluinos and is beyond the scope of this paper.
The effective Lagrangian
Let us consider the decoupling of sparticles in the limit of unbroken SU(2) × U(1) symmetry [1, 12] . The electroweak symmetry breaking is then taken into account after sparticles are integrated out. This approximation should be valid if the sparticle mass scale is larger than that of the Higgs boson sector (set by M H + ). The absence of vacuum expectation values before decoupling implies neglecting of the left-right mixing in the squark mass matrices even for non-vanishing A u,d and/or µ parameters.
In this approach below the sparticle mass scale the effective Lagrangians describing the neutral and charged Higgs boson couplings to the down-and up-type quarks have the form [15, 1] 
where ǫ 21 = −ǫ 12 = 1 and Y d,u are Yukawa coupling matrices. The neutral and charged components of the two Higgs doublets are given in the standard way
In these conventions
where y d J and y u J are the Yukawa couplings. Here J is the flavour index with
and similarly for the up-type quarks. Finally v
The 
The correction ∆ d Y u is generated by the diagrams shown in figs. 1c and 1d and has the form
The four quantities ǫ 0 , ǫ Y , ǫ 
where 
The eqs. (10), (15), (16) of [9] reduce to (2.8) and (2.9) in the SU(2) ×U(1) symmetry limit. 
Effective Parameters and Couplings
The mass matrices of the down-and up-type quarks can be obtained by replacing the neutral scalar fields in (2.1) and (2. In the full approach that goes beyond the SU(2) × U(1) symmetry limit [13] , the corrections toM d are found by calculating directly the self-energy diagrams of the downtype-quarks. The resulting formulae are rather complicated and are presented in [13] where also the derivation of the formulae in the SU(2) × U(1) limit is described in detail.
Below we give the formulae that summarize the effects 1)-4) in the SU(2) × U(1) symmetry limit. The quark fields in these formulae are mass eigenstates of the one-loop corrected matricesM d andM u as opposed to the original fields in (2.1) and (2.2).
1. The original mass parameters m d J and m u J in (2.5), that enter the Feynman rules, are related to the effective running mass parameters m d J and m u J of the low energy theory through [7] 
withǫ J given byǫ
It has been shown [10] (13), (23), (31) and (32),
It is V eff JI that has to be identified with the CKM matrix whose elements are determined from the low energy processes. Note that the elements |V ub | and |V cb |, that are affected by these corrections are usually determined from tree level decays under the assumption that new physics contributions to the relevant branching ratios can be neglected. This assumption is violated in the case of supersymmetry at large tan β. In other words, what experimentalists extract from tree level decays are |V eff ub | and |V eff cb | and not |V ub | and |V cb |.
The effective Lagrangian describing flavour violating neutral Higgs interactions with down-type quarks is given by
In the case of B-physics the pairs (J, I) = (3, 2), (3, 1), (2, 3) and (1, 3) matter. We find [13] 
where x S d = (cos α, − sin α, i sin β, −i cos β), and x S u = (sin α, cos α, −i cos β, −i sin β). In the case of K-physics the pairs (J, I) = (2, 1) and (1, 2) matter and we find [13] 
Note that the flavour violating couplings of G 0 vanish in this limit. Formulae (3.5)- (3.6) agree with the recent corrected version of [12] except that V eff * J3 in equation (10) of that paper should be replaced by V eff * 3J . 4. The effective couplings of the charged Higgs (H ± ) and Goldstone (G ± ) bosons to quarks are given respectively by
It is useful to define the parameters ǫ
Usingǫ J defined in (3.2), we find in the SU(2) × U(1) symmetry limit [13] 
In the SU(2)×U (1) (17) of that paper. As discussed in [13] , the particular couplings given in [9] agree with the formulae given above provided the CKM matrix V of [9] is identified with
RL ] JI of that paper and with the original MSSM CKM matrix in
JI . In spite of this inconsistency, in the special case of the dominant operator in thē B → X s γ decay, the recipes for the inclusion of large tan β effects into Wilson coefficients formulated in eqs. (18) and (19) of that paper are accidentally correct provided all the CKM factors involved in this decay are identified with V eff .
As discussed in detail in [13] , the approximations described here work rather well for the relation (3.1) between the original mass parameters m d I (i.e. the Yukawa couplings) and the running masses m d I and also for the relation between V and V eff . The differences between the full and approximate calculation are usually smaller than 15% and are mainly due to neglecting in the SU(2) × U(1) symmetry limit some gauge coupling-dependent terms. The same remains true also for the flavour changing couplings X RL and X LR of the neutral scalars since their dominant parts originate from the rotations of d L and d R fields which are directly related to the corrections to the down-type quark mass matrix.
Let us record that typically |ǫ 0 | and |ǫ 3 | are ∼ 5 × 10 −3 and can reach ∼ 10 −2 for very large values of |µ| and/or |A t |. We have also checked that taking theB → X s γ constraint into account, values of the factor (1 +ǫ 3 tan β)(1 + ǫ 0 tan β) entering the denominator of eq. (3.5), vary between 0.2 and 2 for tan β ≈ 50. In the case of charged Higgs boson couplings the full calculation confirms the smallness of the corrections ǫ GL(R) (typically |ǫ GL(R) | < ∼ 0.05). The approximate formulae (3.11) for ǫ HR and especially for ǫ HL are not as accurate as the ones for the couplings X RL and X LR . This is because triangle vertex diagrams with the chargino-neutralino pairs coupling to H + also play a role. However, in the case of the B Explicit expressions for different contributions in terms of the Wilson coefficients of contributing operators and hadronic matrix elements can be found in [6, 13, 17] . With respect to our previous analysis in [6] we have now included all resummed large tan β corrections to the relevant couplings as discussed in the previous section.
In the scenario considered in [6] and here supersymmetric particles are heavier than the Higgs particles and the chargino box contribution (∆M s ) χ ± is small. At large tan β values of supersymmetric parameters -large tan β > ∼ 50 and/or A t ≫ M SUSY . We will include this possibility in our analysis as it has quite different implications than the case 0 < (1 + f s ) < 1.
The double penguin diagrams of fig. 2 give O(tan 4 β) correction to ∆M s . The leading contribution comes from the last diagram that contributes to the Wilson coefficient C
Using the vertices of eq. (3.5) we find [13] (
where
and P LR 2 ≈ 2.5 includes the short distance NLO QCD corrections [17, 18, 19] and the relevant hadronic matrix elements [20] . Details are given in [6, 13, 17] . C LR 2 in (4.3) agrees with the corrected version of [12] .
For large tan β one has M H 0 ≈ M A 0 , cos 2 (α − β) ≈ 0 and sin 2 (α − β) ≈ 1 and we find (∆M s ) DP = −12.0/ps × tan β 50
2.50
We recall that for large tan β the H 0 and A 0 contributions to the first two diagrams in fig. 2 cancel each other [6] and as the contribution of h 0 can be neglected in this limit, the total contributions of these two diagrams are very small. 
Herec S andc P are the dimensionless Wilson coefficientsc S = M Bs c S andc P = M Bs c P with c S and c P being properly normalized (see [21] ) Wilson coefficients of the operators Using the vertices in (3.5) one finds from the diagrams of fig. 3 [12, 13] 
In the large tan β limit the contribution of h 0 to c S can be neglected and setting
A 0 we find from (4.7) and (4.8) that |c S | = |c P | with c P given in (4.8). Consequently
This result agrees with [12] . Moreover one has
that is, the ratio of the branching fractions can depend on the SUSY parameters only weakly through |V eff td /V eff ts | which should be consistently determined from the unitarity triangle analysis [22, 13] .
The presence of additional tan β dependence in the denominators of eqs. (4.4) and (4.9), not included in [6] and [1, 2, 3, 4] , has been pointed out in [12] . While we confirm these additional factors, we would like to emphasize that depending on the sign of the supersymmetric parameter µ they can suppress ∆M that we have pointed out in [6] : follows. In order to understand these results better, let us now assume that ∆M s has been measured and that appropriate supersymmetric parameters can be found for which the MSSM considered here agrees with (∆M s )
Then combining (4.1) and (4.11) we find
(4.13)
with "∓" corresponding to 0 < (1 + f s ) < 1 and (1 + f s ) < 0, respectively. Using (4.10) analogous expression for BR(B double-penguin contribution is so large that (1 +f s ) < 0 and the "+" sign in (4.13) applies. For tan β < 50 obtaining (1 + f s ) < 0 and the right magnitude of ∆M s requires µ < 0 so that the couplings (3.5) are enhanced by the ǫ-factors in the denominator. µ < 0 is excluded in particular scenarios like minimal SUGRA, in which the sign of A t is fixed and µ < 0 does not allow for satisfying theB → X s γ constraint [11] We illustrate the correlations in question in fig. 4 where we plot BR(B 0
as functions of (∆M s ) exp /(∆M s ) SM for tan β = 50 and M A 0 = 200 GeV by scanning the other MSSM parameters with the restriction that sparticles are heavier than 500 GeV and theB → X s γ constraint is satisfied. For each point in the MSSM parameter space V eff td is determined by the standard unitarity triangle analysis [6, 22, 13, 23] . (∆M d ) exp and the parameter ε K do not constrain the scan as the Higgs and supersymmetric corrections to these quantities are small in our scenario [6] . In the numerical analysis we have used the formulae from the full approach [6, 13] including SU(2) × U(1) breaking corrections. Still, the approximate formula (4.13) describes qualitatively the main features of the correlation. For sparticles heavier than 500 GeV the contribution of chargino-stop boxes to the formula (4.13) is negligible, ( fig. 4 all points corresponding to the rather unlikely scenario with 1 + f s < 0 are eliminated by the combination of the lower limit (4.14) and [24] and [25] 
with the numerical factor corresponding to the analyses in [6] and [23] , respectively. With the current CDF bound one has the upper bound BR(B 0 d → µ + µ − ) < 8 (7) · 10 −8 which is still lower than the current BaBar bound [25] . For a more likely situation of 0 < 1 + f s < 1 and (∆M s ) exp satisfying (4.14) we get upper bounds on both branching ratios:
BR(B where the two values for the parameter a correspond to the analyses in [6] and [23] , respectively. This should be compared with the SM values that are in the ballpark of 3 · 10 
